Introduction
Date palm is the most important fruit species in Egypt and it plays an important role in the economic and social life of the people in Egypt. Also it is considered a symbol of life in desert. Furthermore, it tolerates high temperature, drought and salinity more than many other fruit crops (FAO, 1982; Lunde, 1978 and Ramoliya and Pandey, 2003) .
Salinity stress is a major abiotic stress adversely reduced growth and productivity of date palm (Ayers and Westcot, 1985 and Erskine et al., 2004) . Salinity stress induces an impact growth and productivity of date palm, and decreases the net photosynthesis and chlorophyll levels of date palm (Al-Abdoulhadi et al., 2012). Date palm exhibits a high degree of salinity tolerance (Zaid and De Wet, 2002) .
Date palm cultivar "Hayany" is one of the most important soft date cultivars in Egypt from the economical standpoint also, it is highly sensitive to salinity than "Sewy" and "Zaghloul" cultivars (El-Khawaga, 2013).
Salinity induces osmotic stress, ionic imbalance, ion toxicity and nutrient deficiency regarding plant growth (Parida and Das, 2005) . Also salinity is involved as an oxidative stress which produces reactive oxygen species (free radicals) like superoxidase, hydroxyl radical , hydrogen peroxide and singlet oxygen that involved in promoting membrane lipid peroxidation as well as membrane leakage (Ashraf, 2004 and Gunes et al., 2007) , and these reactive oxygen species finally scratch chloroplast and mitochondria by distracting their cellular structures (Mittler, 2002) .
Furthermore, growers have mistakenly believed that date palm does not require much attention, while the successful orchard management practices are the way to high yield of good fruit quality. One of the best tools of horticultural practices is fertilization. The use of fertilizers to increase yield is an important factor in all agricultural systems (Dong et al., 2005) .
There was a technology introduced by professor Teruo Higa, University of Ryukyus, Okinawa, Japan, who isolated some beneficial micro-organisms from the soil and called them effective microorganism (EM) and marketed by EM Research Organization (Higa, 1986) .
In addition, EM contains selected species of microorganisms including three principal types of organisms namely lactic acid bacteria, yeast actinomyces and photosynthetic bacteria that are commonly found in soils (Higa, 1991) . All of these are mutually compatible with one another and can coexist in liquid culture (Higa and Wididana, 1991) . The basic purpose of EM is the restoration of healthy ecosystem in both soil and water by using genus of microorganisms which are found in nature. Generally, EM technology has been adopted globally and is recognized as a powerful and effective tool in both agriculture and horticulture for crop and animal production systems (Chamberlain et al., 1997) . EM is used to improve soil fertility and plant growing conditions (Higa, 1991 and Higa and Wididana, 1991) .
Furthermore, using of Baikal EM1 in Russia (this preparation was given the name of Baikal EM1) mitigate the effects of salt stress and improve the salt resistance of (Gleditschia triacanthos L. and Abies nordmanniana Karst) seedlings (Allahverdiyev et al., 2011) . Osman et al. (2011) mentioned that effective microorganisms (EM1) application at 1.0 cm 3 /palm gave the best results in yield and fruit quality of "Bartamuda" date palm. Moreover, El-Khawaga (2013) reported that EM application as anti-salinity improved growth, yield and fruit quality of date palm cultivars "Sewy", "Zaghloul" and "Hayany".
In additions, potassium has an important roles in plants resistance to environmental stresses, pests and pathogens (Marschner, 1993) , and it is needed for fruit development of fruit (Marschner, 1995) . Potassium activates the enzymes involving in sugar biosynthesis and helps in translocation of sugars (Archer, 1988) , and this element affects the quantity and quality of dates (El-Deeb et al., 2000) .
Potassium has positive role in plant growth under saline conditions hence this element plays an essential role in photosynthesis and osmoregulatory (Nelson, 1978) , and it is required for physiological processes such as activation of enzymes, regulation of osmotic pressure and stomata movement (Gollback et al., 2003) . It reduces the excess uptake of ions such as sodium and iron under saline stress therefore; potassium plays a particular role in contributing to the survival of crop plants under environmental stress conditions (Marschner, 1995 and ). Beside, potassium reduces the production of reactive oxygen species like superoxidase, hydroxyl radical, hydrogen peroxide and singlet oxygen (Cakmak, 2005) . Also potassium fertilization alleviates the effect of salinity by enhancing activities of antioxidant enzymes (Zheng et al., 2008) .
Generally, potassium plays an important role in controlling cell water content and carbohydrates biosynthesis and mobilization in plant tissues, consequently carbohydrates play a serious role in fruit set (Harhash and Abdel-Nasser, 2007; Khayyat et al., 2007; Shahin, 2007 ; Harhash and Abdel-Nasser 2010). Moreover, potassium plays a key role in N uptake and translocation from roots to vegetative growth (Cushnahan et al., 1995) . Furthermore, the ability of plants to tolerate salinity depends on the potassium status in leaves (Maathuis and Amtmann, 1999) , and uptake of potassium by date palm seedling increased with the increase in salinity (Hassan and El-Samnoudi, 1998) .
In this concern, Harhash and Abdel-Nasser (2007) on "Zaghloul" date palm; Shahin (2007) on "Khalas" date palm, reported that potassium fertilization improved yield and fruit quality parameters of the aforementioned date palm cultivars.
Moreover, Osman (2010) showed that, potassium sulphate fertilization at 4.5 kg/ palm applied at three doses in March, June and September gave the highest palm yield, fruit quality and leaf mineral content of "Bartamoda" cultivar date palm. Furthermore, fertilization with potassium sulphate and /or combined with compost, yeast and EM alleviated salinity stress and improved leaf characters, growth, yield, fruit quality and leaf mineral content of orange cv. Valencia under salt stress (Abdelaal et al., 2013) .
The aim of this investigation is to study the effect of EM and potassium sulphate on leaf total chlorophyll content, fruit set percentage, yield, fruit quality and leaf mineral content of Hayany date palm cultivated in sandy soil under salinity stress at Ras -Sudr conditions, Egypt.
II. Material and Methods
This study was carried out during two successive seasons of 2012 and 2013 in a private orchard, at Ras-Sudr , South Sinai Governorate, Egypt on "Hayany" date palm of eight years old grown in sandy soil, and spaced 7x7m apart under drip irrigation system from a well. Physical and chemical analyses of the experimental soil are shown in Table 1 . Meanwhile, the chemical analysis of the used water for irrigation is recorded in Table  2 . Selected palms were irrigated according to the recommended program (including the rate and time) which used in the district.
Fifty four female palm healthy, nearly uniform in shape, size and productivity, received the same horticultural practices were treated with the effective microorganisms (EM) biofertilizer and potassium sulphate (48%K 2 O) fertilizer as soil application as follows: 1-Control "untreated". 2-EM at 60 ml/palm/year 3-EM at 90 ml/palm/year 4-Potassium sulphate at 1 kg/palm/year 5-Potassium sulphate at 1.5kg/palm/year 6-EM at 60 ml combined with Potassium sulphate at 1 kg/palm/year 7-EM at 90 ml combined with Potassium sulphate at 1 kg/palm/year 8-EM at 60 ml combined with Potassium sulphate) at 1.5kg/palm/year 9-EM at 90 ml combined with Potassium sulphate at 1.5kg/palm/year . broadcasted on the soil surface through the whole area. The response of "Hayany" date palms to EM, (K 2 SO 4 ) and their combinations were evaluated through the following determinations.
Leaf total chlorophyll content
Leaf total chlorophyll content was determined by Minolta chlorophyll meter SPAD-502.
Retained fruit percentage
The retained fruit percentage was calculated at the harvest time on September, 1 st according to Soliman and El Kosary (2002) formula as follows:
Total number of retained fruits per bunch
Total number of the nodes per bunch
Yield kg/palm
In both seasons, dates were harvested at the first of September when fruits reached Khalal stage and the average fruit yield and bunch weight was recorded in Kilograms.
Fruit physical and chemical properties
Forty fruits were taken at harvest from each treated palm at Khalal stage (full mature, crunchy and red in color) from each bunch to determine the following physical and chemical properties i. e. fruit weight (g), fruit volume (cm 3 ), fruit length (cm), fruit diameter (cm), pulp weight (g), pulp dry matter (%), seed weight (g), total soluble solids content (T.S.S.) which was determined by Hand refractometer, percentage of total acidity as g citric acid / 100 g f.wt., T.S.S./Acid ratio and total sugars (%) g/100g f.wt., which were determined according to A.O.A.C. (1995).
Leaf minerals content
To determine leaf mineral content (N, P, K, Ca and Mg), leaf samples were taken during November and washed with tap water then with distilled water to remove the dust. After washing, they were dried in an electric oven at 70ºc for 72 hours. The dried leaves were ground, digested and prepared for analysis using the method described by Parkinson and Allen (1975) . Total nitrogen was determined by the semi-micro kjeldahl method (Bremner 1965) . Phosphorus was estimated by the method of Chapman and Pratt (1961) . Potassium was determined by the flame-photometer according to Jackson (1958) . Calcium and magnesium were determined by titration against versente solution (Na EDTA) according to (Chapman and Pratt, 1961) .
Statistical analysis
The obtained data in 2012 and 2013 seasons were subjected to analysis of variance according to Clarke and Kempson (1997) using MSTAT-C program version 7 (1990) . Means were differentiated using multiple Range test at the 0.05 level (Duncan, 1955) . Table 3 , illustrates that all tested treatments induced significant differences in leaf total chlorophyll content of "Hayany" date palms. The highest leaf total chlorophyll content was achieved by 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm treatment (80.1 and 78.6), against (56.1 and 58.2) for the control treatment both seasons, respectively.
III. Results and Discussion

Leaf total chlorophyll content
The beneficial effect of EM application on alleviating the adverse effect of salinity on leaf total chlorophyll content might be attributed to their effect on enhancing organic matter, lowering soil pH as well as increased the uptake of water and nutrients (Higa, 1991; Higa and Wididana, 1991) , enhancing soil fertility (Formowitz et al., 2007 and Ibrahim, 2012) . Also, EM is restoration of healthy ecosystem in soil (Higa, 1991) . Moreover, EM application increased number of the soil microflora i.e. total bacteria, total actinomyces and total fungi which are precursor of indole acetic acid and gibberellins that leads to improve growth of root system, reflected on enhancing the uptake of nutrients thereby improving plant health under salinity stress.
These results are in agreement with these obtained by Abdalaal et al., (2013) on orange trees. The enhancement effect of potassium sulphate on alleviating the adverse effect of salinity on leaf total chlorophyll content may be attributed to the fact that potassium plays an essential role in photosynthesis and osmoregulatory (Nelson, 1978) , it is required for physiological processes such as activation of enzymes, regulation of osmotic pressure and stomata movement (Gollback et al., 2003) , also it reduces the production of reactive oxygen species (Cakmak, 2005) , by enhancing activities of antioxidant enzymes (Zheng et al., 2008) . As well as it activates the enzymes involved in sugar biosynthesis and helps in translocation of sugars (Archer, 1988) . However, it reduces excess uptake of ions such as sodium under saline stress. All these together reflected on alleviating the adverse effect of salinity stress on date palm and improved leaf total chlorophyll content.
The obtained results regarding the effect of potassium sulphate application on leaf total chlorophyll content are in line with the findings of Osman et al. (2011) Means within each column followed by the same letter (s) are not significantly different at 5% level. Table 3 , shows that 60 and 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm fertilizers gave the highest positive effect on retained fruit percentage in both seasons. Table 3 , demonstrates that all tested treatments significantly increased yield as compared with the control treatment in both seasons of this study. Generally, 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm gave the highest yield (59.76 and 70.33 kg/palm) against the control treatment (50.06 and 49.96 kg/palm) in both seasons, respectively. Table 4 , indicates that all EM and potassium sulphate as well as their combinations produced positive effect on bunch weight as compared with the control. Shortly, 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm gave the highest positive effect on bunch weight as compared with the control as well as tested other treatments. 
Retained fruit (%)
Yield (kg)/palm
Bunch weight (kg)
Means within each column followed by the same letter (s) are not significantly different at 5% level.
The enhancement effect of EM on alleviating the adverse effect of salinity on yield and bunch weight may be attributed to the increase of leaf total chlorophyll content which leads to more carbohydrates production through photosynthesis process and increasing vegetative growth and consequently improved fruit set percentage, retained fruit percentage and finally improved yield and bunch weight. Also, EM have beneficial effect on enhancing organic matter, lowering soil pH as well as increased the uptake of water and nutrients (Higa, 1991; Higa and Wididana, 1991) , and enhanced soil fertility (Formowitz et al., 2007 and Ibrahim, 2012) .EM is restoration of healthy ecosystem in soil (Higa, 1991) . Moreover, EM application increased number of the soil microflora i.e. total bacteria, total actinomyces and total fungi which are precursors indole acetic acid and gibberellins leads to improvement growth of root system that reflected on enhancing the uptake of nutrients thereby improving plant health under salinity stress consequently improved tree fruiting parameters and yield.
The obtained results regarding the effect of EM application on yield and bunch weight are in line with the findings of Osman et al. The enhancement effect of potassium sulphate on alleviating the adverse effect of salinity on yield and bunch weight may be attributed to that potassium reduces the excess uptake of ions such as sodium under saline stress. Also it play a key role in N uptake and translocation from roots to vegetative growth (Cushnahan et al., 1995) .Moreover, potassium plays an essential role in photosynthesis and osmoregulatory (Nelson, 1978) , and it is required for physiological processes such as activation of enzymes, regulation of osmotic pressure and stomata movement (Gollback et al., 2003) . Moreover, it activates the enzymes involved in sugar biosynthesis and helps in translocation of sugars (Archer, 1988) . In addition, potassium showed an important role in controlling cell water content and carbohydrates biosynthesis and mobilization in plant tissues, which reflected on yield and increase fruit weight.
The obtained results regarding the effect of potassium sulphate application on yield and bunch weight are in harmony with the findings of Harhash and Abdel-Nasser (2007) on date palm cultivar "Zaghloul"; Harhash and Abdel-Nasser (2010) on date palm cultivar "Khalas"; Osman (2010) on date palm cultivar " Bartamoda"; Al-Obeed et al. (2013) on date palm cultivar "Khalas". Table 4 , indicates that all tested fertilizers produced statistically positive effect on fruit weight as compared with the control of both seasons. However, the heaviest fruits were produced by 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm treatment (14.9 and 13.8 g). On the other hand, the control treatment recorded the lowest values (8.5 and 8.0 g) in both seasons, respectively. Table 4 , illustrates that all tested treatments scored statistically higher values of fruit volume as compared with the control treatment in both seasons of study. Generally, 90 ml/palm EM enriched with potassium sulphate at 1.5 kg/palm induced the highest fruit volume (15.3 and 14.6 cm3) against (8.8 and 8.3 cm3) for the control in both seasons, respectively.
Fruit physical and chemical properties 3.5.1. Fruit weight (g)
Fruit volume (cm
)
Fruit length (cm)
Tabulated data demonstrate that all tested fertilizers treatments exerted higher positive effect on fruit length as compared with control treatment. However, 90 ml/palm EM supplemented with potassium sulphate at 1.5 kg/palm proved to be the most efficient treatment in this respect (Table 5 ). Table 5 , reveals that all tested EM and potassium sulphate treatments induced similar and higher positive effect on fruit diameter as compared with the control treatment. Briefly, 60 and 90 ml/palm EM supported with potassium sulphate at 1.5 kg/palm treatments gave the highest positive effect on fruit diameter as compared with the control treatment. Table 5 , indicates that all tested fertilizer treatments produced higher positive effect on pulp weight as compared with the control treatment. In summary, 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm treatment proved to be the most efficient treatment in this concern.
Fruit diameter (cm)
Pulp weight (g)
3.5.6. Pulp dry matter (%) Table 6 , reveals that 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm treatment proved to be the most efficient treatment in this respect. Table 6 , demonstrates that 60 ml/palm EM combined with potassium sulphate at 1kg/palm treatment in the first season and 90 ml/palm EM combined with potassium sulphate at 1kg / palm in the second season gave a high positive effect on seed weight in this study. Table 6 , illustrates that all tested treatments exerted similar and higher positive effect on fruit T.S.S. content as compared with control treatment. However, 60 and 90 ml/palm EM provided with potassium sulphate at 1.5 kg/palm treatment proved to be the most efficient treatment in this concern. Means within each column followed by the same letter (s) are not significantly different at 5% level. Means within each column followed by the same letter (s) are not significantly different at 5% level.
Seed weight (g)
Fruit T.S.S. (%)
Fruit Total acidity content (%)
Tabulated data demonstrate that all tested treatments induced a pronounced reduction effect on fruit total acidity content as compared with the control treatment. Briefly, 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm proved to be the most efficient treatment in reducing fruit total acidity content in both seasons. Table 7 , indicates that all tested treatments scored significantly higher values of fruit TSS/acid ratio as compared with control treatment in both seasons of study. Generally, 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm treatment proved to be the most efficient treatment (182.7 and 202.5) against (97.9 and 101.4) from the control treatment in first and second seasons, respectably . Means within each column followed by the same letter (s) are not significantly different at 5% level. Table 7 , reveals that 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm in the first season as well as 60 and 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm treatments produced high positive effect on fruit total sugar content as compared with control treatment. Other tested treatments surpassed the control treatment in enhancing fruit total sugar content in both seasons.
Fruit T.S.S. / Acid ratio
Fruit total sugars content
The enhancement effect of EM application on alleviating the detrimental effect of salinity on fruit physical and chemical properties may be due to increasing leaf total chlorophyll content which reflected on improving vegetative growth which leads to more carbohydrates production through photosynthesis process. Moreover, EM application increased number of the soil microflora i.e. total bacteria, total actinomyces and total fungi which are precursors of indole acetic acid and gibberellins leads to improvement growth of root system that reflected on enhancing the uptake of nutrients, thereby improving plant health under salinity stress and improved fruit quality (Higa, 1991) .
The obtained results of EM application regarding their positive effect on fruit physical and chemical properties are in harmony with the findings of Osman et al. (2011) on "Bartamuda" date palm El-Khawaga (2013) on date palm cultivars "Sewy", "Zaghloul" and "Hayany".
The enhancement effect of sulphate application on alleviating the negative effect of salinity on fruit physical and chemical properties may be due to that potassium has an essential role in photosynthesis and osmoregulatory (Nelson, 1978) , and it is required for physiological processes such as activation of enzymes, regulation of osmotic pressure and stomata movement (Gollback et al., 2003) .As well as, it activates the enzymes involved in sugar biosynthesis and helps in translocation of sugars (Archer, 1988 ). Moreover, potassium shows an important role in controlling cell water content and carbohydrates biosynthesis and mobilization in plant tissues.
The 3.6. Leaf minerals content 3.6.1. Nitrogen (%) Table 8 , indicates that all tested treatments significantly increased the leaf nitrogen content of "Hayany" date palms as compared with the control treatment in both seasons of study. However, 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm treatment recorded the highest values in this respect.
Phosphorus (%)
Table 8, shows that 60 ml/palm EM and/or in combination with potassium sulphate at 1 and 1.5kg/palm and 90ml/palm EM and/or supported with potassium sulphate at 1 and 1.5kg/palm treatments as well as potassium sulphate at 1.5kg/palm treatment gave a similar and higher positive effect on leaf phosphorus content in the first seasons. On the other hand, 90 ml/palm EM provided with potassium sulphate at 1.5 kg/palm treatment gave the highest positive effect on leaf phosphorus content in the second season. Means within each column followed by the same letter (s) are not significantly different at 5% level. Table 8 , illustrates that all tested EM and potassium sulphate treatments induced high positive effect on leaf potassium content than the control treatment in both seasons. Generally, 90 ml/palm EM combined with potassium sulphate at 1.5 kg/palm treatment proved to be the most efficient treatments in this concern.
Potassium (%)
Calcium (%)
Table 9, indicates that 90 ml/palm EM provided with potassium sulphate at 1.5 kg/palm treatment in the first season whereas 60 and 90 ml/palm EM supplemented with 1.5 kg / palm treatments in the second season gave higher positive effect on leaf calcium content.
Magnesium (%)
Table 9, shows that 90 ml/palm EM and/or supported with potassium sulphate at 1.5kg/palm treatments in the first season and 60 and 90ml/palm EM and/or enriched with potassium sulphate at 1.5kg/palm treatments in the second one gave similar and higher positive effect on leaf magnesium content as compared with the control treatment. Means within each column followed by the same letter (s) are not significantly different at 5% level.
The enhancement effect of EM on alleviating the detrimental effect of salinity on leaf minerals content may be attributed to the fact that EM have beneficial effect on lowering soil pH, and increasing the uptake of water and nutrients (Higa, 1991; Higa and Wididana, 1991) , and enhancing soil fertility (Formowitz et al., 2007 and Ibrahim, 2012) . Moreover, EM application increased number of the soil microflora i.e. total bacteria, total actinomyces and total fungi which are the producers of indole acetic acid and gibberellins leads to improvement growth of root system that reflected on enhanced the uptake of nutrients, thereby improving plant health under salinity stress consequently improved leaf mineral content (Higa, 1991) .
The enhancement effect of potassium sulphate on alleviating the negative effect of salinity on leaf minerals content may be due to that potassium reduces the excess uptake of ions such as sodium under saline stress. Also, potassium plays a key role in N uptake and translocation from roots to vegetative growth (Cushnahan et al., 1995) . Consequently leads to enhanced the uptake of nutrients from soil.
The obtained results regarding the effect of EM and potassium sulphate application on leaf mineral content are in line with the findings of Abdelaal et al. (2013) on "Valencia" orange.
Briefly, from the obtained results and under similar conditions it is preferable to add EM at 90 ml / palm/ year enriched with potassium sulphate at 1.5kg/palm/year treatment as soil application to alleviate salinity stress and enhance leaf chlorophyll content, retained fruit percentage, yield, fruit quality and leaf minerals content of "Hayany" date palm.
